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THE CUTANEOUS HISTOPATHOLOGY OF THALLIUM POISONING*
ROBERT M. SCHWARTZMAN, V.M.1).,.M.P.H., Pu.D. AND
JEROME ORMOND KIRSCHBAUM, M.D.**
The cutaneous histopathology of thallium
intoxication has not been emphasized in medical
literature, though there is an abundance of
clinical information. The purpose of the present
report, therefore, is to describe in detail the
histopathologic and gross skin changes which
occur in canine and human cases of thallium
poisoning.
MATERIAL AND METHODS
Thirteen eases of canine thallium poisoning
were studied. The diagnosis in each case was
confirmed by spectrographic examination of the
animal's urine. Tissue specimens were obtained
from 10 reddened and 3 scaling or crusted patches
of axillary skin. They were fixed in 10 per cent for-
malin, embedded in paraffin and stained with
hematoxylin and eosin.
Three of the 13 tissue specimens (which had
been fixed in formalin and embedded in paraffin)
were submitted for spectrographic examination
for thalliumt. Two of the specimens were from
scaling or crusted lesions and 1 from an erythema-
tous patch. Paraffin and 10 per cent formalin were
examined speetrographically as controls.
RESULTS
In the dog, the cutaneous histopathology of
thallium intoxication is strikingly singular,
being unlike any other cutaneous pathologic
reaction reported in veterinary literature or
observed by the authors. Microscopic examina-
tion of sections from erythematous patches
reveals massive parakeratosis, moderate hyper-
keratosis, follicular plugging, acanthosis and an
intact basal cell layer. With hematoxylin and
eosin stain, the eosinophilic parakeratotic layer
constitutes 40 to 80 per cent of the hyperplastic
epidermis (Fig. 1) and its cells are often spongio-
tic and vacuolated. Clefts and intercellular
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bridges are noted in the nucleated horny cell
layer. Swollen "ghost cells" are present in the
stratum corneum. Pigment granules are scattered
prominently throughout the thick parakeratotic
scale and to a lesser degree in the rate layer and
dermis.
The granular layer is not present usually; but
in a few areas it may be observed beneath the
parakeratotic layer. Cells of the acanthotic
malpighian layer show variation in size, hyper-
chromasia, some pyknosis and vacuolization.
Mitotic figures are increased in number. Varying
degrees of spongiosis are noted. The formation
of rete ridges (absent in normal canine skin)
occasionally is observed.
The dermal changes are characterized by
edema in its upper part and disruption of collagen
bundles. Blood vessels are dilated, usually con-
tain red blood cells and show endothelial swelling
and hyperplasia. Red blood cells also are noted
extravascularly. In some sections, a subepidermal
and perifollicular infiltrate of round cells, histio-
cytes and po]ymorphonuclear leukocytes is
evident.
Follicular changes parallel the surface epi-
dermal reaction. The external root sheath is
hyperplastic and shows an excess of parakeratotic
horny material. Follicular plugging is prominent.
Hairs are present in approximately 60 per cent
of the follicles. A thick vitreous membrane and
connective tissue sheath are evident in some
sections.
As the erythematous lesions evolve towards
sealing and crusting, the pathologic reaction
becomes intense. The epidermis shows varying
degrees of necrolysis. Many areas show disruption
of the epidermis by spongiform abscesses which
are present throughout the upper portions of
the epidermis and to a lesser degree in the supra-
basilar area (Figs. 2 and 3). The abscesses appear
as multilocular Spaces, traversed by the remnants
of cellular walls of epidermal cells and contain
polymorphonuclear leukocytes (predominantly).
Exocytosis of white cells and pigment granules
are prominent in many areas of the epidermis.
An irregular acanthosis which forms a lace-like
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FIG. 1 Canine Axilla—note hyperkeratosis and massive parakeratotic scale, constituting approxi-
mately 65 per cent of epidermis. Malpighiian cells arc vacuolatcd. H&E, X 105.
FIG. 2 Canine Axilla—multiple spongiform abscesses are present in the upper part of the epidermis.
Rete ridges are elongated downward, forming a lace-like pattern. H&E, X 78.
FIG. 3 Canine Axilla—higher magnification of spongiform abscesses, showing multilocular spaces con-
taining polymorphonuclear leukocytes. H&E, >< 360.
pattern is seen. The basal cell layer is intact and
many of its cells are heavily pigmented.
The dermis shows the same changes as
described above.
The hair follicles are dyskeratotic and the hair
root mirrors the previously described changes in
the epidermis. Spongiform abscesses replace
most of the internal root sheath and portions of
the external root sheath (Figs. 4, 5 and 6). Hair
shafts are fragmented and show the effect of
faulty keratinization. Most of the follicles are
in catagen or telogen. Columns of epithelial cells
are seen separating hair shafts from their papillae
(Fig. 7). The vitreons membranes and connective
tissue sheaths are thickened.
Spectrographic examination of specimens
submitted revealed:
1. Erythematous patch—positive for thallium.
2. Sealing or crusted lesions—negative for
thallium.
3. Paraffin—negative for thallium.
4. Ten per cent formalin—trace of thallium.
DISCUSSION
The bio-pathologie dynamics by which
thallium exerts its effects on the skin are
unknown. The alopecia of thallium intoxication
was thought to result from the action of the
metal on the endocrine and vegetative nervous
systems. More recently, substantial evidence
has been presented to indicate that thallium
directly affects the hair follicles and that alopecia
results from a primary insult (1 and 2). In auto-
radiograph experiments (Tl254) in rats, it has
been shown that thallium accumulates in hair
follicles. Furthermore, thallium acetate (0.05
millinormal) in culture medium arrests the
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FIG. 4 Normal Canine Axillary Skin—note normal follicles. H&E, X 65
development of hair in embryonic rat skin grown
in tissue culture. Histopathologic study of the
skin of rats poisoned experimentally with
thallium also has revealed degenerative changes
and abnormalities of keratinization in both
follicular and surface epidermis. In all, it appears
evident that thallium exerts a local toxic effect
on those epidermal cells in which a process of
differentiation leading to keratin formation
occurs. Disturbances of keratinization are the
overall result.
It is tempting to explain this effect in terms of
thallium inhibition of enzyme systems. A number
of metabolic disturbances at the cellular level
already have been observed in studies of rat
skin. They include: arrest of synthesis or utiliza-
tion of cystine, inhibition of aerobic respiration
and anaerobic glycolysis and inhibition of oxida-
tion of all metabolites (other than succinie acid)
of the Krcb's carboxylic acid cycle. However,
in experiments with enzyme systems per se,
thallium (in concentrations which produce
maximum inhibition of tissue respiration) has
not been found to influence cytochrome c,
cytochromc oxidase, eozymasc and diaphorase.
Thus, the definitive pathway by which thallium
alters keratinization is not yet known.
The histopathologic findings of thallium
intoxication in the dog, appear consonant with
the concept that thallium causes abnormal
keratinization and differentiation. Furthermore,
the changes observed are pathognomonic of
thallium intoxication, being unlike any other
canine dcrmatoscs so far reported or studied.
The parakcratosis is massive. In no dcrmatosis
of man or domestic animal (other than in "swine
parakcratosis") does parakeratosis develop to
this degree. In some sections, it constitutes 80
per cent of the hypcrplastic epidermis. The
phenomenon of parakeratosis, by its very
definition, bespeaks imperfect kcratinization (3).
The cpidermal edema noted in canine sections
and the enzymatic disturbances reported in rats
agree with Tcllem's and Meranze's concept of
parakcratosis (4). They state that parakeratosis
usually occurs in a setting of epidermal edema;
and that the coexistence of parakeratosis and
epidermal edema may indicate a more rapid
proliferation and maturation of prickle cells
under the stimulation of nutrient-rich, epidcrmal
edema fluid. Thus, time for the normal forma-
tion of a granular layer and keratin is not allowed.
Moreover, they consider that a specific disturb-
ance or interference with certain cellular enzyme
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FIG. 5 Canine Axilla—dyskeratotic follicle, showing fragmentation of hair, spongiform abscesses in
internal and external root sheaths, formation of undifferentiated epithelial column and thickening of
connective tissue sheaths. H&E, X 91.
FIG. 6 Canine Axilla—higher magnification of dyskeratotie follicle, showing fragmentation of har
and spongiform abscess of root sheaths. H&E, X 550.
FIG. 7 Canine Axilla—long undifferentiated epithelial column separating papilla from hair shaft.
WIrE, x 115.
systems involving the oxidative and synthetic
processes necessary for normal keratin formation
may underlie the development of parakeratosis.
The formation of spongiform abscesses in
more advanced lesions of canine intoxications is
another histopathologic characteristic. They
appear to develop initially, immediately above
the prickle cell layer and then extensively involve
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the entire epidermis. Vasarhelyi (5) reported
microabscesses with subcorneal localization in
the skin of rats poisoned with thallium. He also
observed pronounced hyperkeratosis, vacuoliza-
tion of rete cells and papillary edema. However,
in a later study with Buschke (6) he considered
these changes to be secondary to accidental
trauma inflicted on the skin. The only other
canine dermatosis in which spongiform abscesses
develop is seborrheic dermatitis. However, the
degree of involvement in thallium intoxication
far overshadows the occasional spongiform
pustule observed in seborrheic dermatitis. In
man, spongiform abscesses occur in impetigo
herpetiformis, keratosis blenorrhagica, Reiter's
disease and pustular psoriasis (7).
The parallelism of pathologic events that occur
in the follicular and surface epidermis must be
emphasized. Parakeratosis and spongiform
abscesses are equally marked in both areas, as
are the remainder of pathologic changes pre-
viously described. These degenerative dyskerato-
tic and necrolytic changes in the follicles together
with the induction of resting follicles account for
the alopecia observed clinically.
As mentioned, a large number of follicles appear
in the eatagen or telogen stages. This is evi-
denced by 1) thickening of vitreous membranes
and connective tissue sheaths, 2) ascent of clubs
with the formation of epithelial columns, 3)
formation of connective tissue streamers, 4)
disintegration of vitreous membranes and 5)
shortening of hair follicles. Though the induction
of telogen is characteristic of thallium intoxica-
tion it is not unique to the disease. It occurs
under many conditions of stress in both animal
and man, viz, in the course of infectious diseases,
other heavy metal poisonings, heavy lactation
(in the dog), exposure to x-rays, etc. In man,
the only change noted in cutaneous sections of
thallium intoxications is in the life cycle of the
hair follicle; viz., the precipitation of follicles
into catagen with the ultimate formation of
imperfect club hairs (8).
The presence of thallium in the biopsy speci-
men (from a reddened patch of axillary skin of a
dog) gives added support to the argument that
the metal exerts a direct toxic effect on the
cutaneous system. The absence of thallium in
more advanced lesions (scaling, crusted) may be
explained by the fact that the metal was excreted
with the epidermal and follicular exfoliations.
It now follows that investigations as to the
pattern of distribution of thallium in the cuta-
neous system of dog and man should be under-
taken. Furthermore, a more intensive study of
the skin pathology of thallium intoxication of
man is needed. It would appear that the patho-
logic changes are significantly characteristic in
the dog to be considered as further diagnostic
evidence of the poisoning. Biopsy examination
of cutaneous lesions in questionable cases should
prove to be a desirable diagnostic technic.
sUMMARY
The histopathology of thallium poisoning is
reviewed. Thallium has a toxic effect on epi-
dermal cells and alters the processes of keratiniza-
tion. Striking dyskeratotic and necrolytic
changes are noted in the skin and hair follicles.
Massive parakeratosis, spongiform abscess form-
ation and induction of telogen follicles are the
prominent features. A possible explanation for
this effect is the inhibition of enzyme systems by
the metal.
The histopathological changes induced by
thallium appear to be distinctive and skin
biopsy is advocated as a valuable diagnostic
procedure.
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